Abstract: A cost-effective and practical method is proposed for localization of the possible fiber faults in a passive optical network via correlation between the measured OTDR trace and a set of pre-measured reference OTDR traces.
Fiber Fault Localization Methodology
In a typical TDM-PON, the OTDR pulses launched into the feeder fiber at the OLT are passively power-split at the RN, before being fed simultaneously into all distribution fibers. Based on the fact that different fiber branches in a PON usually give different backscattering/reflection profiles due to their differences in fiber length, attenuation, bending/strain of the fiber cable, as well as the end-reflection peak, and the OTDR trace obtained at the OLT is simply the sum of the back-reflected and back-scattered lights from the feeder fiber and all the fiber branches. In case of a single fiber cut occurred in one of the fiber branches, a sharp step decrement in the received power level will be observed in the aggregated OTDR trace at the OLT. Thus, the relative distance of the fiber cut from the OLT can be estimated. However, it is impossible to identify the faulty fiber branch without any additional information. In our proposed approach, a set of reference OTDR traces for individual fiber branches, under the condition that either all fiber branches, except the one under test, are terminated or they are terminated one at a time, at the RN, are measured at the system initial setup or maintenance period. In the practical scenario with the known relative distance of the fiber cut from the OLT from the measured OTDR trace, a set of hypothesized aggregated OTDR traces can be synthesized from the pre-measured reference OTDR traces, considering all possible faulty fiber branch scenarios in the PON. Hence, by performing correlation analysis between the measured OTDR trace and this set of hypothesized aggregated OTDR traces, the one with the highest correlation can be selected and the faulty fiber branch can be determined. 
, which is a function of the distance, d (in km), from the OLT.
It is then normalized as
. When the whole system is working normally, the relationship between the aggregated OTDR trace measured at the OLT, L agg_normal (d), and the measured reference OTDR traces for each branch L i (d), is shown in (1) , where N is the number of fiber branches, RN d is the distance (in km) from the OLT to the RN. When one single fiber fault occurs, there will be an additional step decrement in the measured aggregated OTDR trace at the OLT, and the distance between the fiber fault and the OLT can be determined, as fault d . Then a set of N hypothesized aggregated OTDR traces can be synthesized from the reference OTDR traces from (1), considering all possible cases of the faulty fiber branch happened at the distance fault d .
Finally, correlation analysis between the measured aggregated OTDR trace and all hypothesized aggregated OTDR traces are performed, and the one with the highest correlation is chosen to declare the exact faulty fiber branch. The proposed method was verified by a proof-of-concept experiment with a 1×4 PON setup, as shown in Fig. 2 
Experimental Verification

(a).
RN d was 10.2 km and two of the four fiber branches, L2 and L3, had similar lengths. The OTDR model was Agilent N3910AM and the OTDR pulse width was 300 ns, which corresponded to a distance resolution of about 30 meters. The OTDR was operated at 1625 nm, as this wavelength was more sensitive to fiber bending and pressure, and it did not interfere with the in-service data traffic. The pre-measured reference OTDR traces and the measured aggregated OTDR trace were shown in Fig. 2 (b) and (d), respectively. The reference traces showed different fiber lengths, endreflection peaks, and attenuation values for different fiber branches. In the experiment, the slopes of the reference OTDR traces were close to each other, as the fiber reels used were of similar specifications. In practice, there may be greater differences between the reference traces, as fibers of different specifications may be used in different fiber branches of the deployed PON. The fiber fault considered in the experiment was strong fiber bending and the light in the fiber branch almost completely vanished beyond the fault point. The same algorithm could be utilized for fiber break event. As depicted in Fig. 2 (c) , when a single fiber fault in the distribution fiber occurred, a loss event at a 
where m was the index for the fiber branch that was faulty in the hypotheses. The measured aggregated trace and the calculated hypothesized aggregated traces were shown in the upper diagrams in Figs. 3 (a)-(d) , in which L1, L2, L3, and L4 were supposed to be faulty, respectively. The lower diagrams in Figs. 3 (a)-(d) showed differences between the hypothesized aggregated traces and the measured aggregated trace. The calculated correlation coefficients between the calculated hypothesized aggregated traces and the measured aggregated trace, which were based on the mean square error of the trace difference, were 0.006, 0.026, 0.710, and 0.007, respectively. The highest correlation was observed when L3 was supposed to be faulty. Therefore, the faulty fiber L3 was successfully identified.
Summary
We have proposed a novel fault localization method in TDM-PON by comparing the correlation coefficients between the measured aggregated OTDR trace and a set of hypothesized aggregated OTDR traces synthesized by a set of pre-measured OTDR traces of individual fiber branches. The feasibility of this method has been experimentally verified in a 1×4 PON. The proposed approach is still valid when the PON has branches of equal lengths and it enables a cost-effective and reliable means in locating fiber faults in PONs. 
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